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In previous studies, human hepatitis viruses have been experimentally transmitted to New World monkeys of the genus
Saguinus (tamarins). Recently, two Flaviviridae-like agents (GBV-A and GBV-B) were identified in tamarins that developed
hepatitis following inoculation with serum of the 11th tamarin passage of a potentially new human hepatitis agent.
However, it was not shown that these viruses originated from the initial inoculum. We here report the discovery of
indigenous species-specific viruses related to GBV-A in several species of New World monkeys and suggest that GBV-
A virus was fortuitously acquired during passage in tamarins. Sera or plasma from 98 wild-caught New World monkeys
representing 10 different species was tested by RT-PCR with conserved degenerate primers to the 5* noncoding region
of the genome. Viral sequences were identified in 33 animals and sequence analysis was performed on the amplicons.
In addition, the genomic region corresponding to the putative NS3 RNA helicase of GBV-A was amplified from most
positive animals and sequenced. We detected GBV-A-like viruses in 13 (35%) of 37 S. mystax, 7 (78%) of 9 S. nigricollis,
3 (25%) of 12 S. labiatus, 2 (50%) of 4 S. oedipus, 2 (100%) of 2 Callithrix jacchus, and 6 (50%) of 12 Aotus trivirgatus
monkeys. Each positive animal was infected with a unique strain of the GBV-A-like viruses. Analysis of the 5* NC and
NS3 helicase sequences revealed that these viruses could be classified into 5 major genetic groups with genetic distances
equivalent to or greater than those found among major genetic groups of hepatitis C virus. Species-specific GBV-A-like
viruses were found in S. mystax, S. nigricollis, S. oedipus, C. jacchus, and A. trivirgatus species. The viruses specific for
S. nigricollis were closely related to GBV-A, suggesting that GBV-A was acquired by passage through this species during
the initial transmission studies. The natural history of the GBV-A-like viruses was studied in serial serum samples from
9 S. mystax and 2 A. trivirgatus monkeys. Each animal was chronically infected and the viral strain did not vary during
9 – 27 months of follow-up. Finally, we demonstrated that four S. mystax were positive upon arrival to the United States
from the country of origin. No apparent disease was associated with chronic infection of the GBV-A-like viruses. In
conclusion, many New World monkeys are persistently infected with indigenous species-specific viruses that may repre-
sent a new genus within the virus family Flaviviridae.
INTRODUCTION tion with serum of the 11th tamarin passage of the GB
agent (Simons et al., 1995). Infection with GBV-B but not
The experimental use of New World monkeys of the with GBV-A caused hepatitis in tamarins (Schlauder et
genus Saguinus (tamarins) for transmission studies of al., 1995). However, the origin of these viruses remained
potential human hepatitis agents was first reported in unknown and neither virus was detected in humans. Sub-
1967 (Deinhardt et al., 1967). Tamarins inoculated with sequently, a third virus named GB virus C (GBV-C) or
acute phase sera from a surgeon (GB) with hepatitis hepatitis G virus (HGV), most closely related to GBV-A,
developed hepatitis, as did tamarins inoculated in serial
was identified in humans (Leary et al., 1996b; Linnen et
passage studies. The putative etiological agent(s) was
al., 1996).
called the GB agent. In 1995 Simons and co-workers
Members of the Flaviviridae family (flaviviruses, pesti-
identified GB virus A (GBV-A) and GB virus B (GBV-B),
viruses, and HCV) and the newly discovered viruses GBV-
both related to viruses of the family Flaviviridae and in
A, GBV-B, and GBV-C/HGV all have a positive-sense,
particular to hepatitis C virus (HCV), in acute phase sera
single-strand RNA genome that contains a single long
of a tamarin that developed hepatitis following inocula-
open reading frame (ORF) bracketed by 5* and 3* non-
coding (NC) regions (Bukh et al., 1995, 1997b; Leary et
al., 1996b; Linnen et al., 1996; Muerhoff et al., 1995; Si-1 The nucleotide sequence data reported in this paper have been
submitted to the GenBank nucleotide sequence database and have mons et al., 1995). Structural proteins are thought to be
been assigned Accession Nos. U84915–U84966. encoded in the 5* part of the ORF and nonstructural
2 To whom correspondence and reprint requests should be ad-
proteins (NS) in the 3* part. These viruses share signifi-dressed at NIH, NIAID, LID, Hepatitis Viruses Section, Building 7, Room
cant homology in the NS3 serine protease, the NS3 RNA201, 7 Center Drive, MSC 0740, Bethesda, MD 20892-0740. Fax: (301)
402-0524. helicase, and the NS5 RNA-dependent RNA polymerase
429
0042-6822/97
AID VY 8461 / 6a2c$$$141 02-27-97 10:51:07 virca AP: Virology
430 BUKH AND APGAR
TABLE 1
Detection in New World Monkeys of Flaviviridae-like Viruses Related to GBV-A
No. (%) positive for GBV-A-like
Family Genus/species Year sampled No. tested 5* noncoding sequences
Callitrichidae
Saguinus
S. mystax 1977 10 2 (20)
1992–1996 27 11 (41)
S. nigricollis 1972–1975 9 7 (78)
S. labiatus 1977 12 3 (25)
S. oedipus 1972–1977 4 2 (50)
Callithrix
C. jacchus 1975 2 2 (100)
Cebidae
Aotus
A. trivirgatus 1975 6 3 (50)
1991–1996 6 3 (50)
Cebus 1970 6 0
Saimiri 1971 3 0
Ateles 1968–1975 8 0
Lagothrix 1974 5 0
regions, respectively. GBV-A is most closely related to (woolly monkeys). Plasma containing GBV-A was ob-
GBV-C/HGV with an overall homology to the predicted tained from an S. mystax monkey inoculated intrave-
polyproteins of about 45%. Interestingly, the ORF of both nously with the GB agent [American Type Culture Collec-
GBV-A and GBV-C/HGV lacked sequences characteristic tion (ATCC VR-806) supplied by the late Professor F.
of a well-defined nucleocapsid protein. Furthermore, the Deinhardt]. The animals studied were maintained under
5* NC sequence of GBV-A shares about 50% homology conditions that met all relevant requirements for their use
with the 5* NC sequence of GBV-C/HGV with similar in an approved facility.
predicted secondary structures (Simons et al., 1996). In Liver function was assessed by measuring serum or
positive-strand RNA viruses such conserved elements plasma levels of alanine aminotransferase (ALT), g-gluta-
often were found to have functions of importance for myl transpeptidase (GGT), and isocitrate dehydrogenase
viral RNA replication and/or packaging, as well as for (ICD). Animals were tested for GBV-A or related viruses
translation initiation. in RT-PCR assays with various primers. Primers used to
In an attempt to elucidate the origin and disease asso- amplify 5* NC sequences of GBV-A and related viruses
ciation of GBV-A and GBV-B, we have studied these consisted of an external primer pair of 5*-AGC(G,A)T-
agents in New World monkeys (Bukh et al., 1997a). While C(A,T)G(A,T)CGTTAAACGGAG-3* and 5*-GATTTTTCC-
screening uninoculated animals, we discovered indige- (C,T)CTTGCCGC-3* and an internal primer pair of 5*-GA-
nous viruses related to GBV-A. In this study, we have CAGCTATGCGGGTTGACAAT-3* and 5*-GCGCC(G,C)C-
characterized the genomic sequences, as well as the CT(T,G)GGTGGCCCC-3*. Primers used to amplify the
natural history, of this new group of viruses. NS3 helicase sequences of GBV-A-like viruses consisted
of an external primer pair of 5*-T(G,T)TTCGC(G,T)ACGG-
MATERIALS AND METHODS CGACCCC-3* and 5*-CAGGGT(C,A)AC(T,C)TCCACTAC-
CTC-3* and an internal primer pair of 5*-TCGC(G,T)ACG-Sera were obtained in 1968–1977 and in 1991–1996
GCGACCCC(A,T)CC-3* and 5*-CACTACCTCTTCCACCA-from several species of wild-caught New World monkeys
TTAAACCACAGTC-3*. Total RNA was extracted from 50–kept in captivity (Table 1) (Bukh et al., 1997a). These
100 ml of serum or plasma samples using the TRIzolanimals included four species within the genus Saguinus
reagent (GIBCO/BRL) according to the manufacturer’s(S. mystax, S. oedipus, S. nigricollis, and S. labiatus; all
recommendations. The RNA pellet was resuspended inof which are called tamarins), as well as one species
10 mM dithiothreitol (DTT) containing 5% (v/v) of RNasinwithin the genus Callithrix (C. jacchus, also called com-
(20–40 u/ml) (Promega) and aliquots were stored at0807.mon marmosets), of the Callitrichidae family. In addition,
The RT-PCR was performed essentially as described pre-sera were obtained from animals within each of five gen-
viously (Bukh et al., 1992) on an aliquot of RNA equivalentera of the Cebidae family: Aotus (A. trivirgatus, also called
to 10–20 ml of serum/plasma. In short, RT was performedowl monkeys), Cebus (capuchin monkeys), Saimiri (squir-
rel monkeys), Ateles (spider monkeys), and Lagothrix at 427 for 1 hr in a 20-ml reaction volume using avian
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myeloblastosis virus reverse transcriptase (Promega) had unique 5* NC sequences (Fig. 1). All of the 44 nega-
tive control samples interspersed among the test sam-and the external antisense primer. The resulting cDNA
was amplified in a 100-ml reaction volume in the nested ples were correctly identified as was the positive control
sample (a high dilution of the standard pool containingPCR with AmpliTaq DNA polymerase (Perkin–Elmer).
After one round of PCR with the external primer pair, 10 GBV-A) included in each extraction series. Next, we were
able to amplify and sequence the NS3-helicase regionml of the resulting product was reamplified in a second
round of PCR with the internal primer pair. Both rounds from the majority of the animals positive for 5* NC se-
quences (Fig. 2). All NS3 sequences amplified repre-of PCR consisted of 35 cycles with denaturation at 947
for 1 min, primer annealing at 457 for 2 min, and DNA sented unique GBV-A-like sequences, including those
obtained from the animals with identical 5* NC se-synthesis at 727 for 3 min. Finally, 15 ml of the product
from the first and second rounds of PCR was analyzed quences. Thus, contamination during the procedures
was not a source of the positive results in these uninocu-by electrophoresis through a 2% agarose gel containing
ethidium bromide followed by UV transillumination. The lated animals. Overall, a significant number of animals
within both families of New World monkeys were infectedDNA products were purified by the Wizard PCR Prep
(Promega) and both strands of DNA were sequenced with GBV-A-like viruses.
The natural history of the GBV-A-like viruses was stud-with the ABI PRISM Dye Terminator Cycle Sequencing
Ready Reaction kit using AmpliTaq DNA polymerase ied in greater detail in S. mystax and A. trivirgatus mon-
keys. Serial serum samples collected from infected ani-(Perkin–Elmer) to obtain a consensus sequence. Multi-
ple sequence alignments and phylogenetic analyses mals during 9–27 months of follow-up were all positive
when tested in nested RT-PCR with the 5* NC primers.were performed using the computer software package
GeneWorks (IntelliGenetics, Oxford Molecular Group) For each sample the 5* NC sequence or the NS3 helicase
sequence was determined, or in most cases both se-(Bukh et al., 1995).
quences were determined. For each of four S. mystax
(SM 749, SM 750, SM 760, and SM 768) the viral strainRESULTS
recovered from a sample taken upon arrival to the United
States from the country of origin was the same as thatSera from a number of uninoculated S. mystax and A.
trivirgatus monkeys were initially tested in RT-PCR recovered from samples taken at our animal facility 1–
5 months later (upon arrival from the quarantine facility)assays with various primers specific for the 5* NC and
NS3 regions, respectively, of GBV-A. Sera from some and 12–19 months later, respectively. Furthermore, in
each of five additional S. mystax (SM 737, SM 782, SMof these animals produced a PCR signal but sequence
analysis of the PCR products revealed that they were not 795, SM 799, and SM 805) and in each of two A. trivirga-
tus (AT 924 and AT 925) the viral strain recovered frominfected with GBV-A, but rather with unique GBV-A-like
viruses. samples taken at our animal facility upon arrival and
that recovered 9–27 months later were the same. TheA multiple sequence alignment demonstrated signifi-
cant variation in the 5* NC region between GBV-A and the genomic 5* NC and NS3 helicase sequences of the GBV-
A-like viruses did not change during the follow-up periodsequences recovered from S. mystax and A. trivirgatus
monkeys. However, it was possible to design degenerate in 7 of these chronically infected animals. In SM 750,
during 17 months of follow-up, a single nucleotide substi-primers for RT-PCR with an optimal match to the different
5* NC sequences (see Materials and Methods). Further- tution occurred in the 5* NC sequence. In SM 760 with
17 months of follow-up, SM 805 with 9 months of follow-more, these primers had a sensitivity equivalent to that
of GBV-A-specific primers in detecting GBV-A from a up, and AT 924 with 27 months of follow-up, silent nucleo-
tide substitutions were found at 1, 1, and 4 positions,standard pool (Bukh et al., 1997a).
The conserved 5* NC primers were used in the RT- respectively, of the NS3 helicase sequences. Thus, these
animals were chronically infected with GBV-A-like vi-PCR assay to screen sera taken from 10 different species
of New World monkeys (Table 1). Sequence analysis was ruses most likely acquired in the South American jungle.
None of these persistently infected animals had any ab-performed on the DNA product obtained from sera of 29
monkeys after 1 round of amplification, as well as DNA normal liver enzyme values that could be related to infec-
tion with the indigenous GBV-A-like viruses.products obtained in 4 additional monkeys after 2 rounds
of amplification. A summary of the results is shown in Relative to the sequence of GBV-A (nts 4457–4751;
Simons et al., 1995), we found that the amplified GBV-A-Table 1. We detected GBV-A-like viruses in 13 (35%) of
37 S. mystax, 7 (78%) of 9 S. nigricollis, 3 (25%) of 12 S. like NS3 sequences from all 24 animals analyzed were
of the same length (295 nts) with no insertions or dele-labiatus, 2 (50%) of 4 S. oedipus, 2 (100%) of 2 C. jacchus,
and 6 (50%) of 12 A. trivirgatus monkeys. Animals tested tions (Fig. 2). The GBV-A-like sequences had nucleotide
identities in the range of 60.0–99.0% among themselvesfrom the genera Cebus, Saimiri, Ateles, and Lagothrix
were all negative. All viral isolates except those recov- and 63.1–91.9% when compared with GBV-A. All ampli-
fied NS3 helicase sequences encoded a predicted poly-ered from 2 pairs of S. mystax and 1 pair of A. trivirgatus
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FIG. 1. Alignment of the nucleotide sequence of the 5* NC region of GBV-A (nts 329–511; Simons et al., 1995) with the corresponding genomic
sequences of indigenous viruses recovered from six species of New World monkeys [S. mystax (SM), S. oedipus (SO), S. nigricollis (SN), S. labiatus
(SL), C. jacchus (CJ), and A. trivirgatus (AT)]. This alignment was optimized for simultaneous comparison of all of the isolates. The sequence of
GBV-A is shown at the top. With GBV-A as the prototype reference, nucleotide substitutions or insertions are shown as uppercase letters, and
identical nucleotides are shown as dots. Nucleotide deletions are shown as dashes. Partial 5* NC sequence obtained from SO 100 was most
closely related to that of SO 14, and those obtained from SN 16 and SN 20 were most closely related to SN 96. Insufficient sequence data were
obtained from two A. trivirgatus monkeys to permit definitive analysis.
peptide sequence of 98 amino acids with identities of ered from each of the 6 positive animal species con-
tained stop codons in the 3 forward reading frames. A67.3–100% among themselves and 67.3–95.9% with
GBV-A. Fifty-one (52.0%) of the 98 amino acids of the NS3 conserved AUG codon was not found in this limited re-
gion. Overall, the 5* NC and NS3 helicase regions of thehelicase were invariant. It is noteworthy that 22 (81.5%)
of a total of 27 amino acids were invariant within regions GBV-A-like viruses are similar to those of GBV-A.
To further evaluate the genetic relatedness of GBV-Acorresponding to helicase motifs IV and V of RNA super-
group II helicases (Muerhoff et al., 1995). Compared with and the GBV-A-like viruses indigenous to the New World
monkeys, we performed phylogenetic analyses of the 5*the 5* NC sequence of GBV-A (nts 329–511; Simons et
al., 1995) the amplified GBV-A-like 5* NC sequences from NC and NS3 helicase sequences (Fig. 3). The viral iso-
lates could be divided into five major genetic groups26 of the animals studied had insertions and/or deletions
with a total length in the range of 181–185 nts (Fig. 1). (clusters) irrespective of the genome region analyzed or
whether the nucleotide or putative amino acid sequenceThe 5* NC sequence recovered from two S. nigricollis
monkeys was identical in length to that of GBV-A and of NS3 was used. One such group contained the viruses
recovered from all of the S. nigricollis monkeys studied,contained no insertions or deletions (identity with GBV-
A 90.7 and 98.9%, respectively). The approximate nucleo- as well as GBV-A. A second group contained the viruses
recovered from all S. mystax monkeys studied. The thirdtide identities of the 5* NC sequences were in the range
of 60–100%. The 5* NC sequence of viral isolates recov- group contained the viruses recovered from S. oedipus
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FIG. 2. Alignment of the nucleotide sequence of the NS3 helicase sequence of GBV-A (nts 4457–4751; Simons et al., 1995), with the corresponding
genomic sequences of indigenous viruses recovered from five species of New World monkeys [S. mystax (SM), S. oedipus (SO), S. nigricollis (SN),
and S. labiatus (SL), and A. trivirgatus (AT)]. The sequence of GBV-A is shown at the top. With GBV-A as the prototype reference, nucleotide
substitutions are shown as uppercase letters, and identical nucleotides are shown as dots.
and the fourth group contained the viruses recovered and 82.4–96.3% (96.9–100%), respectively, and the iden-
tities of the NS3 helicase sequences between GBV-Afrom A. trivirgatus monkeys. Finally, a fifth group con-
tained the viruses recovered from C. jacchus monkeys. and isolates from S. nigricollis monkeys were in the
range 79.7–91.9% (88.8–95.9%). The interspecies nucle-It should be noted that only 5* NC sequences were ana-
lyzed for C. jacchus since we were not able to amplify otide (amino acid) identities of the NS3 helicase among
animals of these different species were in the rangeNS3 helicase sequences from this species. The intras-
pecies nucleotide (amino acid) identities of the NS3 heli- 60.0–74.2% (69.4–80.6%). In one exception to the spe-
cies-specific pattern, two GBV-A-like viruses recoveredcase sequences isolated from S. nigricollis, S. mystax,
S. oedipus, and A. trivirgatus monkeys were 81.7–92.9% from S. labiatus grouped with those specific for S. mystax
while a third grouped with those specific for S. nigricollis(92.9–100%), 79.7–99.0% (90.8–100%), 89.5% (98.0%),
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FIG. 3. Phylogenetic trees showing the genetic relationships of the 5* NC sequence of GBV-A (nts 329–511; Simons et al., 1995), as well as the
NS3 helicase sequence of GBV-A (nts 4457–4751; Simons et al., 1995), with corresponding genomic sequences of indigenous viruses discovered
in New World monkeys. The genomic sequences analyzed are shown in Figs. 1 and 2. The phylogenetic trees were constructed by the unweighted
pair-group method with arithmetic mean using the computer software package GeneWorks (Bukh et al., 1995). The lengths of the horizontal lines
connecting the sequences are proportional to the estimated genetic distances between the sequences.
monkeys. Nonetheless, our data indicate the existence closely related to GBV-A (thus the term GBV-A-like vi-
ruses) (Bukh et al., 1997b). The high degree of conserva-of species-specific viruses for several species of New
tion of the NS3 regions corresponding to helicase motifsWorld monkeys.
of RNA supergroup II among GBV-A and the GBV-A-like
viruses indicates that these viruses contain closely re-DISCUSSION
lated RNA helicases. Furthermore, in general, the stem-
We discovered a diverse group of GBV-A-like viruses loop structures predicted from the 5* NC sequence of
in several species of New World monkeys. These viruses GBV-A (Simons et al., 1996), including major putative
are apparently indigenous to the animals and a signifi- structural domains IVa, IVb, and IVc, were maintained in
cant proportion of the monkeys are chronically infected. the GBV-A-like viruses, suggesting a similar function of
Infection, however, was not associated with any apparent these sequences. The exact genetic relatedness of the
disease. Interestingly, this study also indicated that spe- GBV-A-like viruses to GBV-B, GBV-C/HGV, and HCV is
cies-specific GBV-A-like viruses infect S. nigricollis, S. not clear from this study. Previous analyses of deduced
mystax, S. oedipus, C. jacchus, and A. trivirgatus. These proteins have indicated that GBV-A is more closely re-
viruses demonstrated genetic stability in the infected ani- lated to GBV-C/HGV than GBV-B or HCV (Leary et al.,
mals and within the species over time. Our study sug- 1996b; Linnen et al., 1996, Muerhoff et al., 1995). Our
gested that GBV-A discovered recently (Simons et al., predicted amino acid data support that conclusion but
1995) represented a virus indigenous to S. nigricollis more information is required for a definitive taxonomic
rather than a GB agent. analysis. We suggest that the GBV-A-like viruses may
Although we did not determine the complete genomic constitute a separate genus of the Flaviviridae family. It
sequence of the viruses discovered in this study, we is, however, an open question whether GBV-C/HGV
clearly established their genetic relatedness to GBV-A. should be classified in this genus as well or in a separate
Analysis of the 5* NC and NS3 helicase sequences of genus.
GBV-A, GBV-B, GBV-C/HGV, HCV, and those viruses re- The recovered GBV-A-like viruses were genetically
covered from New World monkeys demonstrated that all heterogeneous. Our sequence analysis revealed at least
of the viral isolates discovered in this study were most five different major genetic groups. The genetic distances
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frequently in the original transmission studies, but notobserved among these groups were equivalent to or
from S. oedipus monkeys (sera from S. fuscicollis mon-greater than those observed among the various major
keys were not available). This observation, coupled withgenetic groups of HCV, which have provisionally been
the finding that the GBV-A-like viruses cause chronicclassified as individual species within a separate genus
infections in the absence of hepatitis, suggests that GBV-of the Flaviviridae family (Bukh et al., 1997b). Further-
A was acquired during passage through S. nigricollismore, genetic distances within the groups were similar to
rather than amplified from the original inoculum.those observed among the subtypes of the major genetic
We did not detect GBV-A-like viruses in four additionalgroups of HCV. Thus, the genetic groups of these GBV-
species of New World monkeys tested. Considering theA-like viruses might represent viral species within a sep-
small number of samples tested, this result is inconclu-arate genus of the Flaviviridae family.
sive. It is possible that animals of these species areIn this study we found that six species of New World
infected with GBV-A variants that could not be detectedmonkeys were infected with GBV-A-like viruses. It was
with the RT-PCR primers used. In fact, analysis of the 5*an important observation that the viruses recovered from
NC sequences obtained in this study revealed geneticS. mystax, S. nigricollis, S. oedipus, C. jacchus, and A.
heterogeneity in the internal primer pair of the 5* NCtrivirgatus monkeys, respectively, belonged to different
primers. Thus, it might be possible to design better prim-genetic groups, whereas viruses recovered from animals
ers for universal detection of GBV-A-like viruses in Newwithin any one of these species all belonged to the same
World monkeys and other primates.genetic group. It should be noted that viruses recovered
Although we have not been able to acquire samplesfrom different S. mystax monkeys in 1977 and 1992–1996
taken from animals in their natural habitat, our data indi-belonged to the same genetic group. A similar observa-
cate that the GBV-A-like viruses are indigenous to Newtion was made for different A. trivirgatus monkeys in 1975
World monkeys. We recovered GBV-A-like viruses inand 1991–1996, respectively. These data clearly indicate
samples taken from several S. mystax immediately uponthe existence of species-specific viruses in New World
arrival to the United States from the Peruvian jungle.monkeys. In one exception, however, viruses recovered
Furthermore, we demonstrated that S. mystax and A. tri-from S. labiatus belonged to the same genetic group as
virgatus are chronically infected with the GBV-A-like vi-either S. mystax or S. nigricollis. This result could repre-
ruses. The high prevalence of infection suggests a highsent spread of these viruses among different animal spe-
rate of chronicity similar to the situation in the relatedcies either in captivity or in their shared natural habitat.
human viruses HCV and GBV-C/HGV. On the whole, our
The fact that GBV-A can be transmitted experimentally
data suggest that transmission of GBV-A-like viruses in
to several species of tamarins (Bukh et al., 1997a;
New World monkeys occurs primarily in the South Ameri-
Schlauder et al., 1995) suggests that such spread might
can jungle. Possible transmission routes that should be
have occurred. evaluated in future studies include vertical and sexual
Detection of GBV-A-like viruses, based on analysis of transmission.
5* NC sequences, was recently reported in 6 S. labiatus, The acute hepatitis observed in New World monkeys
2 S. mystax, and 7 A. trivirgatus monkeys (Leary et al., following inoculation with the GB agents might be as-
1996a). As found in our study, species-specific se- cribed exclusively to the viral agent GBV-B, and not GBV-
quences were reported in S. mystax and A. trivirgatus A (Bukh et al., 1997a; Schlauder et al., 1995). Similarly,
monkeys. Sequences closely related to GBV-A were we did not observe any association between chronic
found in the six S. labiatus monkeys studied. In our study infection with GBV-A-like viruses and hepatitis in S. mys-
the viral sequences from only 1 of 3 S. labiatus monkeys tax and A. trivirgatus monkeys. Further studies will be
studied was closely related to GBV-A, and this sequence needed to establish whether infection with GBV-A-like
clustered with those found to be specific for S. nigricollis. viruses is associated with any disease in New World
We found that the viruses recovered from 3 S. nigricollis monkeys. In this respect it is noteworthy that our finding
monkeys were the most closely related to GBV-A. The of species-specific indigenous GBV-A-like viruses in
determination of the exact relatedness of the viruses New World monkeys parallels the finding of species-
reported in the study of Leary et al. (1996a) to those specific simian immunodeficiency viruses in Old World
reported here cannot be made at this time because se- monkeys (Hirsch et al., 1995). Simian immunodeficiency
quence data were not provided in the former report. viruses were found not to cause AIDS in their natural
In the original serial passages of the GB agent, the African monkey hosts but could cause the disease when
late Professor Deinhardt used S. fuscicollis, S. oedipus, inoculated into more distantly related species of Old
and S. nigricollis (Deinhardt et al., 1967). GBV-A was World monkeys from Asia.
finally cloned and sequenced from an animal inoculated Among the Flaviviridae and related viruses, GBV-A is
with the 11th tamarin passage (Simons et al., 1995). We most closely related to the virus GBV-C/HGV, which fre-
found that GBV-A was closely related to indigenous vi- quently infects humans (Bukh et al., 1997b; Leary et al.,
1996b; Linnen et al., 1996). It is possible that experimen-ruses from S. nigricollis, the animal species used most
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of the 1996 International Symposium on Viral Hepatitis and Livertal infections of New World monkeys with GBV-A-like
Disease,’’ in press.viruses might serve as surrogate animal models for the
Bukh, J., Emerson, S. U., and Purcell, R. H. (1997b). Genetic heterogene-
study of GBV-C/HGV. On the other hand, in future experi- ity of hepatitis C virus and related viruses. ‘‘Proceedings of the 1996
mental animal studies of viral agents in New World mon- International Symposium on Viral Hepatitis and Liver Disease,’’ in
press.keys the possibility of viral interference should be consid-
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